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TO: D, V, Terrell 
Director of Research 
December 31, 1952 
You will recall our attending a meeting of the Specification~ 
Committee almost two years ago, at which time there was a rather lengthy 
discussion of the density in bituminous concrete paving mixtures and the 
possibility for altering our Class I specification to provide a surface 
mix with increased density, This was followed up in the spring of 1951 
with some tests and other discussions that culminated in adoption of a 
specification for a surface mix designated as Type C. 
The specification was first applied to a resurfacing project 
on several Louisville streets in October, 1951. Some difficulties in 
laying the mix develope~ at that time, and slight modifications in the 
grading were made to facilitate placement just for that job. No change 
was made in the specification, Under hot weather and heavy traf~ic this 
past sunmter, the E;urface was displaced at several locatio~s on these 
streets, and naturally there was immediate concern about the dependability 
of mixes that could be made under this specification, 
Earlier the Research Lab and the Testing Lab had worked jointly 
on laboratory tests with various Type C and Type B mixes, When difficulties 
arose on the Louisville streets, this work was enlarged somewhat and cores 
were taken from the streets in an attempt to find the source of trouble, 
More recently, in conjunction with another Type C surfacing project on U.S. 
31W at Muldraugh Hill, the two Labs worked together on designing the mix 
as well as in sampling at the time of construction, Still further tests 
were made cooperatively with the Asphalt Institute Laboratory in New York, 
These various investigations, supplemented by fundamental analy-
ses, have been recorded in memorandum reports prepared by E. G, Williams 
at different times during the past year, At my suggestion he has assembled 
these reports and the information from the Asphalt Institute into the 
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attached Compendium dealing with Type C mixes" Actually there is a great 
deal of data pertaining to Type B mixes also, and in addition various com-
binations of aggregates - crushed and uncrushed - are represented in the 
mixeso 
Essentially, Mro Williams and the Asphalt Institute show that 
there is nothing wrong with the Type C from a specification standpoint • 
It is evident that the Type C is much more sensitive to effects of im-
proper asphalt contents, over tacking between courses, and errors in 
grading than is the Type B mix. In other words, proper design and con-
trol are more critical (but fundamentally of no greater importance) with 
Type C than with Type B. However, if it is handled carefully T;Ype C 
offers the properties which were sought when a new mix was first discussed. 
Early in December Mike Logan of the Bureau of Public Roads sug-
gested that we truce cores from the Muldraugh Hill Project to check densi-
ties, particularly since the finished surface on that project had an open-
textured appearance. This was done, and the results tabulated on page 31 
of the Compendium shm< a variation from 3.5 to 5.3 percent voids in the 
compacted mix. The surface texture as illustrated in Figo III-2, belies 
such a degree of density. That is accountable in the fact that crushed 
limestone was used for both fine and coarse aggregate, and the workability 
of the mix was reduced to the point where a smooth-textured finish was not 
possible" Undoubtedly, this will be characteristic of Type C captaining 
all-crushed aggregates, and for that reason the tendency will be away from 
crushed fines in mixes designed for city streets even though they offer 
the best stability and flow properties to resist heavy traffic. 
I am certain that those who have a primary interest in our bitu-
minous concrete mixes will find material of considerable value in this 
Compendium, and I recommend it as a source of information on Type C mixes. 
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PART I 
COMPARATIVE PROPERTIES AND PHYSICAL RELATIONSHIPS 
.. 
Commonwealth of Kentucky 
Department of Hit;h;mys 
High1my l1aterials Research Laboratory 
132 Graham Avenue, Lexington 29, Kentucky 
November 20, 1952 
HENO TO: L. E. Gregg 
Assistant Director of Research 
B.2.2.8~ 
SUBJECT: Comparative Properties and Physical Relationships of 
Class I, Type C Surface Nixes. 
Recently the Class I, Type C Surface Hix has been the subject of 
numerous discussions resulting from present paving operations on Muldraugh 
Hill (U.S, 31W and U.S, 60) south of Louisville, and from performance of 
pavements placed heretofore on some Louisville Streets, ~parently, past 
difficulties have created some douct about the suitability of Type C sur-
faces in heavy traffic areas for which it was intended, Type C does not 
represent the ultimate in stable mixtures, but it should be entirely 
adequate for the purpose intended, 
Some of the questions which have arisen suggest that restatement 
of fundamentals involved may clarify most, if not all, of the difficulties 
encountered, While these fundamentals pertain to paving mixtures in 
general, the principal consideration here is, of course, Class I, Type C 
surface, Since Type C is really a modification of the well known Type B 
surface, the latter is included for comparison, 
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mixture lowest. Percentage•lise this decrease - based on Mix Z (Class I 
Type B) - is 2.3 percent for Nix Y (Louisville streets) and 4.0 percent 
for Hix X (Muldraugh Hill). In this respect, the difference between the 
Louisville and Huldraugh Hill mixtures results from the ability of crushed 
fines to produce greater densities due to the angularity of the particles, 
Mix X Mix Y Mix Z 
Voids - 3.5'f Voids - 4.4% Voids - 4.0% 
Asphalt - 13.2% Asphalt - 12.6% Asphalt - 13.4% 
l/211to3/811-6.3% 1/211to3/8" - 6.7% 1/2"to3/811 - L.l% 
3/811 toNo.4-27 .1% 3/811toNo.4-27.0% 3/811 toNo.4-31.0% 
4 to 8 - 14.6% 4 to 8- 14.5% 4 to 8 - 12.3% 
--
8 to 16 - 10.4% 8 to 16 - 10.2% 8 to 16 - 10.3% 
f-
16 to 50 - 13.2% 16 to 50 - 13.4% 16 to 50 - 15.7% 
50 to 100 - 4.6% 
100 to ?00 - 2.9~ 
-200 - 4.2% 
1---~----~-~------
50 to 100 - 4.5% 
_],00 to ?QQ~ ~ 3-:'oi 
-200 - 4.2% 
50 to 100 - 5.0% 
~8Ro-t- -
Fig. I-2, Block diagrams illustrating the volume relationships of voids 
and aggregate fractions in the three Class I mixes. 
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II-1 
SketcL II-1 il .ustrates the load bearing structure of the mix 
from which most of the stability of any mixture is derived. In this case, 
as the graph shows, the aggregate voids constitute 16.7 percent of the total 
volume, This is the aggregate condition at optimum asphalt content in the 
Muldraugh Hill mix, The aggregate size fractions are uniformly distributed, 
with each succeeding size fraction effectively filling voids in the coarser 
fraction, In this way a dense structure with good load-supporting charac-
teristics is attained. Such a struc.ture may be consolidated further under 
traffic, but consolidation in this way is minimunized. 
ll 
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Sketch II-5 illustrates quite clearly the action of the trapped 
volatiles. Near the bottom of the surface course the intrusions are very 
similar to those that prevailed in Condition IV (See Sketch II-4), The 
jagged fingers which penetrate into the mix and in some cases to the sur-
face, ere caused by upward flow of the volitale material in the form of 
vapor. 
The condition along the bottom of the surface course has result-
ed incomplete filling of the voids and consequent plasticity already dis-
cussed under th~ heading Excessive Tacking, However, the condition here 
is potentially worse because of the reduction in viscosity of asphalt cement 
in the mix brough about by combination with the diluant, In extreme cases 
this may produce viscous liquid asphalts within the mix, as has been observ-
ed in cores cut from Seventh Street in Louisville. 
The up;1erd migration of vapor apparently proceeds along inter-
connected voids. If this migration is blocked, the concentrated vapor 
softens the surrounding asphalt, Conceivably, continuation of this en-
trapment ;1ill ul M.mately lead to opening of new channels through solution 
if nothing else. In time the vapor will escape, but observations indicate 
that this is a long time, 
Cherts on the left in Sketch II-5 show the original test pro-
pertiss of the mix; however, the change in properties brought about by 
filling of the voids are undoubtedly greater than implied by the graphs, 
The indicated changes are those to be expected only if the voids are filled 
19 
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with an asphalt cement, and there is no added influence on the part of the 
disptrs od volatiles. If, the volatiles become a factor - as they surely 
l?ill - those voids are at least partly filled with a liquid asphalt, and 
the damage becomes greater. Unfortunately, we have no data or observations 
to establish the numerical value of this latter condition or to illustrate 
it in a relative wa: on charts or graphs. 
EGW:ddc 
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MULDRAUGH HILL PROJECT 
Design and Cooperative Tests With The 
Asphalt Institute 
Kentucky Department of Highways 
Type c, Surface Course Composition 
Passing Sieve Per Cent 
1/2 Inch . ........................................... . 
3/8 Inch .. ........ o ••• , ••••••••••••••••••••• , •• 111 ••••• 
No. 4 . ....... o •••••••••••••••••••••••••••• • ••• • • •• • • 
No. $ ... ••••••••••••••••••••••••••••••••••••••••••••• 
lJo. 16 . •......•...••.....•..••.••.....•••..•.•....•. 
No. 50 ••••••..•.••••••••••••.••••••• , ••••••••••••••. 
No. 100 ...•......•...•........•.•....•....•.•.....•. 
No. 200 ............................................. . 
Bitumen •.••••.•••••..••• ,;."., ••••••••••••••••••.•••. 
Adopted July 31, 1951 
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Mr. Lo E. Gregg 
Assistant Director of Research 
Materials Research Laboratory 
Kentucky Department of Highways 
132 Graham Avenue 
Lexington 291 Kentucky 
Dear Mr. Gregg: 
November 21, 1952 
iJ. -z. .7... ·8 
We have completed a laboratory analysis and paving mix 
design for aggregates and asphalt recently sent to us. In your 
recent letter you note that these materials were obtained from 
your Muldraugh Hill project on u. s. 31 w. 
Figure 1 shows the aggregate gradation limits for your 
Type non surface mix as given in your letter. It also shows the 
gradation of three trial mixes which we tested in our laboratory. 
Our first trial used a 50-50 blend of the coarse and fine 
aggregates as received. The resultant gradation is shown in red 
on Figure 1. This gradation is ab_out in the middle of your alloW-
able limits on the No. 8 sieve, but runs out slightly on the high 
TREASURER 
side with the No. 200 sieve. Single Marshall specimens were made with 
this gradation at 5, 6 and 7 percent of asphalt. Incidentally, as-
phalt content in this procedure is on the included or "wet weight" 
basis. Test results on these single specimens are shown in red on 
Figure 2. You will note that the flow value of these specimens is 
quite high and we considered that the mix might be improved by re-
ducing the rather high amount of - 200 material. 
The next gradation studied was the same 50-50 blend except 
that about half of the -- 200 material was removed. Single speci-
mens were again prepared at 5, 6 and 7 percent asphalt and tested. 
The.. aggregate gradation of this mix is shown in blue on Figure 1 and 
test properties are shown in blue on Figure 2. This mix indicated a 
slightly higher optimUill asphalt requirement and the flow values were 
fairly near the upper limit of 20 as required by the Corps of Engi-
neers. 
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A third gradation was then tried as shown in green on 
Figure 1. This gradation contained about 43% of coarse aggregate as 
received and 57% of the fine aggregate sample.· Again, about half of 
the -200 material was removed. Test properties of single samples of 
this mix prepared at 5, 6 and 7 percent asphalt, are shown in green 
on Figure 2, This mix looked quite satisfactory on the basis of single 
samples so we then prepared duplicate specimens at four asphalt con-
tents of the gradation shown in green on Figure 1, Asphalt contents 
for the specimens were 5,5, 6.0, 6,5 and 7,0, Results of tests on 
these specimens are shown on Figure 3o The optimum asphalt content for 
this mix ill indicated to be about 6.5 percent by Corps of Engineers 
crieteria, At this asphalt content the flow is about 16, stability is 
slightly over 2000and void relationships are good. 
)'le then checked this mix design by preparing Hveem Stabilometer 
specimens at 6,0 and 6.5 percent asphalt. Duplicate specimens at each 
asphalt content were prepared and gave the following test values: 
6.0% A, c. 6.5% Ao c. 
Spec, #1 Spec.#2 Spec. # 1 Spec. #2 
Hvean Stability 48 44 27 46 
Cohesiometer Value 468 370 569 572 
Rt 94 94 88 97 
Except for specimen No. 1 at 6.5% asphalt, all specimens had satis-
factory test values, 
I would therefore consider that the aggregate gradation 
shown in green on Figure No. 1 would make a satisfactory paving mixo 
Some of the - 200 material, however, should be wasted. The mix is 
not particularly critical to asphalt content as is sometimes the case 
with crushed aggregate mixes, On roads of moderate traffic volume, I 
would recommend the full 6,5 percent indicated to be the optimum by 
the Marshall procedure, For heavy traffic conditions it might be ad-
visable to cut the asphalt content back to about 6.2 percent. The 
Hvean specimens, prepared by kneading compaction, had a slightly 
flushed appearance at 6.5 percent and one of the two stabilometer speci-
mens indicated that this percentage might be just a little too much. 
In deference to this one relatively low value and the slightly flushed 
appearance, I feel that about 6.2 percent might be advisable for heavy 
traffic conditions. 
Concluding, I would recommend that you might give some consider-
ation to the use of a sand for the -10 fraction if such is economical-
ly available. The use of two different materials in a mix will often 
provide better textured and non-skid qualities over the long run, per-
haps due to differential rc.tes of wearing. I am sure that an entirely 
satisfactory mix could be designed with sand or with a mixture of sand 
and stone fines if such a material is economically available. Also 
24 
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you might eliminate the problem of wasting a part of the fines in 
the present aggregates. 
I hope that these data will be of some benefit to you in 
your pavement construction. 
With best person~ regards, I am 
25 
Sincerely yours, 
c:>~?A-~~ 
John M. Griffith 
Engineer of Research 
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MEMC TO: L. E. Gregg 
Assistant Director of Research 
B. 2. 2. 8. 
SUBJECT: Mixture Designs For Muldraugh Hill Surface Course 
by Research Laboratory and Asphalt Institute. 
The design test information pertaining to the Muldraugh Hill 
surface and prepared b-.f the Asphalt Institute Laboratory has been received 
and reviewed thoroughly. Materials used in the design tests were furnished 
by this laboratory and came from sources supplying the project. Previously, 
the Research Laboratory had prepared a mix design for the project, and pav-
ing proceeded on the basis of this design. 
Research Laboratory Design Tests 
Aggregate used in the Research Laboratory design was crushed lime-
stone for both the coarse (No. 9 stone) and fine (agricultural lime) frac-
tions. This too came from the source which later supplied the project, 
but it was sampled several weeks earlier than the material sent to the 
Asphalt Institute Laboratory. The asphalt was ~ PAC-5 for both sets of 
tests. 
Aggregate grading selected for the design approximates the center 
of the gradation specification for Class I, Type C surfaces and represents 
26 
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a 50-50 blend of coarse and fine aggregates. Gradation of both the basic 
aggregates and the design mixes are contained in Table III-1. 
The l!farshall Stability Test was used for determining the asphalt 
content. Four test specimens prepared with the so-called 11heavy 11 compaction, 
were made for each of four asphalt contents- 4.0, 5.0, 6.0 and 7.0 percent. 
Average values determined from the four specimens in each group are plotted 
as curves on the Narshall Stability charts in Fig. III-1. It should be 
noted that points which determined the positiomof these curves (design 
values) are not plotted on Fig, III-1, and the points that are plotted re-
present values established later when samples from the project were tested. 
Optimum asphalt content was selected from these charts, and the 
test properties at optimum are contained in Table III-2. 
Comparison of Data 
Both laboratories used the same basic method - the Narshall Sta-
bility Test - but the Asphalt Institute Laboratory supplemented their work 
with Hveem Stabilometer Tests as a check on their Narshall design. The 
bitumen content recommended by us and used in the project was 5.5 percent, 
while that recommended by the Asphalt Institute was 6.2 percent, 
This discrepancy is wider than expected for identical mixes pre-
pared in t1>10 different laboratories. Actually, the two mixes were not 
identical in grading, partly because they were prepared entirely indepen-
dent of each other - the Asphalt Institute having no information on our 
earlier design at the time they did their work. Differences in gradation 
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Coarse Agg. (2 100,0 85 .. 0 19.8 1,S 1,0 o,s 0,6 ,.. ...... (l) 100,0 100,0 100,0 ss.o 62.0 29.0 16.2 
liM !IS:! !3l ii:S J.QQ.o ~·g !ll.ol 6~.2 :12.1! i&2al A.I. Trial No, 1 92-4 ·' 42.3 32.3 15.5 10,0 .a..x. Trial Ro. 2 100,0 92.0 61,0 43.2 31.2 13..t 7.5 
'·'· ~a~ 19, l ;~;oo.g 2l.~ 1!1!.2 Ida!! l~.o Ua2 §,& ReiMill'Cb Lab. 
'·' 100.0 92.0 15.0 Field Salopl.o A ,,, 100.0 97.5 .? 17.3 
F!el<l Suple 1 5.3 100.,0 94o5 62.6 18,0 
Field Sqple 2 5.5 100,0 93.6 6J.6 17,6 
~nllOI:l\:a ... on ~.J m:g n:~ H:t ti:t 
Rot.ea Aggregate (1) designates aggregate uaed by Besesroh Labore:tor7 \bile aggresate (2) 1e 
that Ulled by the bpnllt Insti.tut:.e LabQratory~ Trilll Ho. 3 grBding was used for design of 
e.aphs.lt content. by the A..I .. IAbl:l:.u.tory. 
Table III-2. !tsrehall Stability Test Data 
v 
lp. 200 
o.s 
0-4 
7.5 
M.l 
7.5 
J,5 
ls2 
.o 
9.1 
9.5 
10.5 
g;j 
Idtllltt.ity Stabill.t;y. F'lov 
Number llloow 
Unit \it .. 
lbe, ou.rt. 
Compacted 
Mlx 
Fl.lled 
w/kpbalt 
lggngata 
Only 
lloi;e1 Aaphml't Inatitute IlesiSil ttaR iJ!I for moderate traffic ani "btt for heavy tre.rnc. 
Field &Uplel!l vsre conpaoted on the job using the acttBl paving mix at the tine 
of OOllfltruction. Carea vera cut Wen the pave111ellto vas ap}'n'ax:imataly six weeks old. 
AU spec:lmetm prep!!!I>ed with "heavyt' compsction- 50 blows at 10 lb. harnn:er on 
both sides of ths spacben. 
152 .------,--,--.--.--,---, 
8 150 l--l----1,.,.,~::---+--+--l 
,,, ~s .... -I ·.~ ~t--._ g 148 1--1 v I -..... 
:- I t;z.t4 
EJ 1Lf6 1--1+--+.__:_--t--t----t--1 
• 144 1---1~-+--+--+---r-; ~ 
I 
4 5 ... 6 7 
% I~UMEN 
! 
l. 7 00 .---,..-----.-::!o~--,---,-, 
1600 
!>: 
['! 
iX1 
~ 1500 
I>< 
:0:: 1LfOO 
..:1 
H 
~ lJOO 
8 
UJ 
1200 
• 
1100 l--'-----'---l.---..1.--'---' 
4 5 6 7 
% BITUMEN 
24 
20 / 
v 
I 
= 16 0 
0 
M 
--- 12 rl 
-·-··- 18 
IL 11-.&.,. 
.. 8 0 I 
..:1 
1'<1 
4 
0 
4 5 6 7 
%BITUMEN 
12 
10 ' 
1\ 
\ 
! \i ;A~ ~ 
'>,::-
2 ~ 
0 I~ 
4 5 6 7 
% BITill!EN 
100 
/ 
/ 
90 
J 
~ 
11, ! " -
f·l 
,. 
17 
I 
40 
5 6 7 
% BITill1EN 
High"•ay Materials Research Laboratory 
Lexington, Kentucky 
~RSHALL STABILITY TEST 
Muldraugh Hill Surface Mix 
A Samples prepared from field mix. 
" Samples cored from the completed 
pavement, 
TEST DATA 
Optimum %Bitumen - 5.5 
Unit Wt. - 150.2 
Stability No. - 1690 
Flo;"- 17.8 
% Voids, Compacted Mix - J.5 
%Voids, Filled W/Bitumen 
Fig. -III-1. Results of Marshall Stability Design Tests 
For Type C Surface on Muldraugh Hill 
Fig. III-2. Typical texture of Class I, Type C surface 
placed on Huldraugh Hill west of Louisville (U.S. 60 and 
U.s • .31W). 
L, E, Gregg November 28, 1952 
Coarse-textured surfaces, when accompanied by sufficient density 
and other desirable characteristics, possess zood onti~skid qualities 
which are retained as the surface aggregate is worn down by traffic, 
Class I, Type C surfaces made entirely with crushed aggTegates 
can not have a fine surface texture at the correct asphalt content, 
Nixtures having natural sand or rounded material as the fine aggregate 
fraction have a sometvhat finer surface texture than those containing 
only crushed aggregate, However, in either case the surface must be 
classified as relatively coarse, 
EGW:ddc 
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Ellis G, Williams 
Research Engineer 
y 
Commonwealth of Kentucky 
Department of HighHays 
Highwa: ;':c',,~.c:r1nls Research Laboratory 
132 Graham Avenue, Lexington 29, Kentucky 
Mr. John H. Griffith 
Engineer of Research 
The Asphalt Institute 
801 Second Avenue 
New York 17, New York 
Dear Hr. Griffith: 
November 26, 1952 
B.2.2.8, 
I am •rriting with regard to your letter of November 21, and the 
data concerning designs of Type C surface mix which you sent with it. For 
the information of those who will receive copies of this letter, the ma-
terials used in your ru1alyses came from our Muldraugh Hill proj oct on U ,S, 
31W, and they ~Vere sent in accordance with arrangements made in my lettor 
of October 30, to V~. Walter F. Winters. 
We have gone over your data very carefully, 8l1d are particularly 
ploas0d ~Vith the fact that you ~Vere able to run Hveem Stabilometer tests in 
addition to the tests by the Marshall method. All of our original informa-
tion ~Vas obtained vii th Marshall test, and the job was carried out on the 
basis of that information, 
Plots of our design data, along with a memorru1dum and additional 
r0sul ts pertaining to a fe\.f samples compacted on the job I!I'e enclosed, 
Bccmwo of discrepancies in our design gradation (with 50-50 composition 
of coarse and fine aggregates) as opposed to your ultimate design with /~ 
percent coarse and 57 percent fine aggregate, there is no direct basis for 
comparison, Beyond this, the actual gradations on the job - as described 
in the attached memorandum - were of still greater difference particularly 
in the very fine fractions. 
I don 1 t !mOl{ hov1 to account for the range of our stability numbers 
~Vhich are considerably lo~Ver than yours despite the greater unit weights and 
obviously greater density in our case. Certainly the difference is greater 
thru1 any amount that could be attributed to the differences in gradation. The 
density, as reflected in percentage voids in the compacted mix, ~Vas given 
primary consideration in setting a 5.5 percent asphalt content on the job, 
This optimum value was ~Vell confirmed, also, by the other indicated properties. 
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Hr. John H. Griffith - 2- November 26, 1952 
Results from samples compacted on the job conformed rather well 
with the design test results, all things considered and the one cold sample 
(No. 4) disregarded. This, of course, could mean merely that our field 
compaction closely approximated laboratory conditions, and not shed any 
particular light on the differences in our data. 
If, after you have gone over ol"r information, you arrive at some 
conclusions about the differences I would uolcome your comments. Our object, 
of course, is to work out fundamentals pertaining to the Type C mix so it 
will be usable to us. I might say that the comments you made concerning 
natural sand are quite pertinent because this mix is proposed mostly for 
use in the vicinity of Louisville at present, and that is where we have otrr 
greatest variety of natural sands. Actually for all hot mixes in total, 
more sand than crushed aggregate is used for fines in this state. 
I could not tell from your letter whether copies had been sent 
to Hessrs. Neiser, Bitterman, and Goshorn as requested in my letter to f~. 
Winters. In view of the plotted data it may be that you were unable to do 
so. If that is the case, do you have any objection to making copies of 
your letter and graphs, and sending them to these three men? Also, if you 
have further comments on the data we are discussing, I would like to have 
copies sent directly to them so that they will be informed on all phases 
of the matter. 
Very truly yours, 
';(:E.~~ 
L. E. Gregg 
Assistant Director of Research 
LEG;mh 
cc: 0, Neiser, Assistant State Highway Engine8r 
J. A. Bitterman, Director, Division of llaterials 
John Goshorn, Asphalt Institute 
Enc, 
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BERNARD E. GRAY 
PRESIDENT 
'1:-'·~·, HE!RBERT SPENCER 
SECRETARY 
l'ilro L. Eo Gregg 
p~sistant Director of Research 
Materials Research Laboratory 
132 Graham Avenue 
Lexington 2~, Kentucky 
Dear Mr. Gregg: 
December 19, 1952 
HAROLD J. BUCK 
CHAIRMAN EXECUTIVE COMM. 
GEORGE R. CHRISTIE 
TRE;ASURER 
This letter is in further reply to yours of November 26 concerning the 
paving mix for the Muldraugh Hill project -on u.s. 31W. Our meetings have 
now passed and we are just beginning to get caught up on some of our de-
ferred correspondence. 
As you point out, the variations in gradations between our design mix 
and yours does not allow us to make a direct comparison of the data. Perhaps 
the closest comparison that we could make would be between our second trial 
mix and your .design gradation. In this case, however, we have only single 
specimens and at 1.0 per cent increments of asphalt and I would not wish to· 
count too strongly on them for precise accuracy. The f1eld specimens cor-
respond more nearly with our first· trial gradation with the high percentage 
of fines but this curve also is based on single samples at three asphalt 
contents. I would suggest that you giye consideration to running a set of 
check data, duplicsting our recommended gradation and the asphalt contents 
at which we tested. In this manner, we would have a direct basis for com-
parison which would furnish a check on accuracy of the procedure and repro-
ducibility of test results. 
I would not be too concerned about stability numbers, per se., insofar 
as the Marshall test is concerned. Personally, I view the Corps of Engineers 
procedure as one which attempts to provide a proper balance between several 
factors which should be considered in establishing prope>r mix proportions. 
Stability is only one of these factors and its principal value is to give an 
indication of optimum asphalt only from the stability standpoint. These pro-
cedures also judge optimum from the standpoint of maximum unit weight, voids 
in the mix and per cent of voids filled with asphalt. Averaging the optimum 
from the standpoint of these four factors gives a balanced optimum asphalt 
content which might have been different had any one of them been used al@~. 
'I'he actual Marshall stability number has very little significance to me and. I 
believe that you will also find Charlie Foster in full agreement with this 
thought. On the test track at Vicksburg we had mixes which started out at 
about 150 lbs Marshall stability and when the asnhalt content was rigl;lt they 
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st.ood our heaviest tr&ffic wheel loads. In other words, we were unable 
to 
fi:cd mixes which fail from lack of Marshall stability only; failing mixe
s 
invariably failed to meet the various other criteria established in the 
Corps procedures. These criteria were set on the bases of traffic test 
results with the limits so adjusted as to weed out unsatisfactory mixes, 
The minimum stability number of bOO was included more or less with a ton
gue 
in cheek attitude because we knew that a minimum stability limit would b
e 
expected. The principal value of' the stability data, however, is to fur
nish 
one indication of optimum asphalt, I have long tried to de-emphasize the
 im-
portance ot' this term insofar as Corps of Eneineers procedures and the M
arshall 
test are concerned. It's difficult though because the word "stability" 
seems 
to have a universal appeal to paving engineers. It is important to see 
to it 
tnat void relationships are within the proper range and the flow value is
 a 
rood indicator of' the plasticity characteristics of the mix, It is most 
im-
portant to establish the proper or optimum asphalt content, If all of th
e 
otLer criteria of the C:orps are met, it would be difficult if not imposs
ible 
too fino. a mix which would not meet stability requirements, Your design 
sta-
bility value is about 1700 lbs whereas ours with a slightly different gra
da-
tion on tr,e .second trial mix is about 2109, I would not be particularly
 con-
cerned. about this variation. I am, however, a little concerned about the
 
density dirf'erence since this af'fects three of the four fact-:Jrs by which
 optimum 
is o.etermined. 
This difference may be due to differences in gradation or in compaction 
t;echniques, It is for this reason that I have suggested that you run a 
set of 
tests duplicating our agg.regate gradation and asphalt contents, If our 
results 
v~ry on truly comparable specimens then we should try to determine why th
e vari-
atlon occurs. While at Vicksburg we took every opportunity to check repr
oo.uci-
bili ty between di1'ferent operators and found the procedures fairly reliab
le 
frorr, tbat standpoint. I therefore feel that it would be quite worthwhil
e if 
you would run this check series and let's just see if we get different re
sults 
on com"fmrable Conditions. 
I plan on attending the Highway Research Board meeting and hope that you 
will also be there so that we can have a further discussion of this matt
el'. 
JMG:dm 
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Very truly yours, 
~;~klh.~yra 
·rohn M. Grif'fith 
Engineer of Research 
PART IV 
INVESTIGATION OF FAILURES ON LOUISVILLE STREETS 
Col!IDlonweal th of Kentucky 
Department of Highways 
Highway Haterials Research Laboratory 
132. Gral1am Avenue, Lexington 2.9, Kentucky 
August 5 , 19 52. 
B.2.2..8. 
MEMO TO: L, E. Gregg 
Assistant Director of Research 
SUBJECT: Paving Nixtures on Louisville City Streets - Class I, 
Type C and Laboratory Mixes Prepared Within the City-
of-Louisville Specification for Asphaltic Concrete. 
This memo includes the information pertaining to cores cut from 
Sixth and Seventh Streets in Louisville, reported in memo of July 2.1, and 
additional information pertaining both to Class I, Type C and the Louisville 
City Mix. 
Three of the cores have been tested to determine gradation and 
asphalt contont, The Type C course is not thick enough to permit deter-
mination of stability, 
The three cores tested uere No. l containing 7.8 percent asphalt, 
No, 5 containing 7.0 percent asphalt, and No, 9 containing 7,8 percent 
asphalt. It Hill be noted in the following discussion of core locations 
that No, 5 core is in an area shmdng no distress, Hhile No, l and No. 9 
are from areas where shoving is prevalent. Specimens tested were separated 
from the entire core at the joint between surface and underlying courses. 
It is entirely probable that a portion of the tacking material has pene-
trated the specimens, thus contributing to the very high asphalt contents. 
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Gradation of the aggregate in Cores No, 5 and No. 9 is within 
the Type C specification, and the aggregate in Core No. 1 exceeds the 
specification only a small amou_nt, The average aggregate gradation for 
.the project, as shmn1 on the plant inspector's reports, varied slightly 
from the specification, but not to an extent considered detrimental. 
Fig. IV-18 shows these gradations and the specification limits. 
The cores mentioned wer<. cut July 18, 1952, Twelve cores were 
located on Seventh Street and two on Sixth Street. Specimens were obtained 
from areas on the verge of total failure, areas showing some distress but 
unfailed, and areas in excellent condition. 
Inspection alone revealed a great deal of information which is 
highly pertinent to the condition of the pavement. Photos are included 
to show general location of each core on the street, and also to show the 
exact appearance of each core, Five of these photos, Fig. IV-8 thru IV-12, 
show top, bottom ru1d three side views of each core. In addition, there are 
five cloLe-up views, (Fig. IV-13 to IV-17) to illus.trate particular condi-
tions which are contributing to the stable or failing condition, as the 
c.ase may be. 
Core Locations and Pavement Conditions 
Core No. 1 (S0venth Street, 200 feet north of Broadway) For 
this case, the location of this core is sho1n1 in Fig, IV-1 and the core 
in Fig. IV-8. The street is four lanes in width and the core 11as cut 
adjacent to tho joint betl<een the two eastern lanes, Shoving is prevalent 
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only at and adjacent to the .indicated ,joint; the remaining width of the 
p:1voment be:"ng satisfactory,' Displacement is not serious at present, but 
is developing. 
This section is underlatp. by a_l)proximately 1/2 inch o:i. shc)2L 
asphalt "hich in turn is underlain b>J what is probably a binder course. 
This course, 11hich is approximately 1 inch thick with a mSY.imum aggregate 
size of 1 inch, is so loosely bound it could not bo cored. The base is 
either paving stone or brick. 
The new Type C surface cOcii'Se is lt inch thick and is very rich 
in appearance. -While some of this richness may be attributed to an original 
asphalt content that is excessively high, the principal cause of failccre 
is "ithout a doubt excessive quantities of RC-2 tack coat which could be 
identified by odor. Soft bitumen is present in tho mix to uithin ~- inch 
of the top and to the extent that excess bitmnen actually seeped from the 
core before it was transported to the Laboratory. 
The method of application of the tack coat uould encourage the 
usc of sxcessi ve. quanti ties of' m.o.terie.l nnd en:~· soq1J.0nt nhovinc fcdlv.re re-
gardless of the bitumen used. The tack was sprayed from a distributor bar 
in the manner usually referred to as "stringing". Application by this 
method generally encourages use of excess quantities of bitumen and the 
concentration ii_longitudinal trips of double applications. This latter 
is caused by overlapping in tacking adjacent lanes. Overlapping applica-
tions "hich possibly occurred in this case may well be the principal cause 
of failure. 
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Core No, 2 (Seventh Street, 210 feet north of Broadway) Core 
location No. 2 is shown in Fig. IV-1, and various views of the core are 
presented in Fig. IV-8. Also, the core is shown close up in Fig. IV-13 
to illustrate a point in the types of failure observed. This is the 
companion to Core No, 1, and both samples represent pavement which has 
shoved along·one joint between adjacen· lanes. The condition was slightly 
less pronounced at Core No, 2 than at Core No. 1; likewise, intrusion of 
the tack into the Type L appeared less pronounced. 
Approximately half the thickness of the old binder was cored 
with the remainder disintegrating during the coring operation. 
Core No. 3 (Seventh Street, 150 feet south of Chestnut) The 
sample location and varied views of the core are shown in Fig. IV-2 and 
Fig. IV-8 respectively. Pavement at this point was placed in four lanes 
and the core was trucen adjacent to the joint between the two eastern lanes, 
There is no vertical dis:placement in this area, but there is slight lateral 
displacement, The mat is laid on a stone or brick base and consists of ~ 
inches of binder course that looks good, ! inch of sheet asphalt which looks 
dry and shows cracking, and 1-5/8 inch of Type C surface. 
The binder fmd sheet asphalt courses are stable and probably 
brittle. The Type C appears to be slightly high in asphalt content, and 
here again the tack coat is very prominent, Indications are that the tack 
is providing a lubr-icated surface, and the fact that deformation is lateral 
merely indicates that the Type C mix has reasonably high stability in spite 
of the high asphalt content. No bleeding is evident on the surface; however, 
the escaping volatile material has softened the asphalt almost to the surface. 
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In this case, the principal difficulty lies in overtacking and 
volatile material in the bitumen used for tacking. Possibly the high 
asphalt content is a contributing factor, but this is doubtful since 
the stability of the mix has been sufficient to prevent shoving longitu-
dinally. 
Core No. 4 (Seventh Street, 135 feet south of Chestnut) This 
location is shown in Fig. IV-2 and the core in Fig. IV-9. A close-up of 
the core illustrating the excess of tacking material is contained in Fig, 
IV-14. 
Inasmuch as this core is a companion to Core No. 3 and both re-
present the same pavement conditions, comments concerning Core No, 3 apply 
in this case, 
Core No, 5 (Seventh Street, 300 feet north of Chestnut) The 
location and core are illustrated in Fig. IV-3 and Fig. IV-9 respectively. 
There is no distress of any sort in the pavement represented by this core 
and its companion Core No. 6, Surface texture is very similar to that ob-
served in all other locations cored on Seventh Street, The mat consists 
of' a stone or brick base, 2 inches oi' very dry-looking binder, t :Lnoh o;l.' 
sheet asphalt, and lt :Lnoh oi' Type c suri'aoe. The core was oraok©d trans-
veraely hfltW<Jen thfl hinder and sheet Mphalt couraM, Oonditiona in the 
core hole wert"l not !lheok<ld, ao it ia impoall:l.ble t!l aay whether thil'l crack-
ed condition t'lXil'lt<ld ;l.n thl\l paV'l!ll®nt er was eauaed by !;loring. Th© former 
is more likely ruinoe ther!'l ia no indication that th<~ o!lre "twiateCI off11 , 
Also 1 the brittle np)il£liX!'ex:tl'l'l of the mixtur<Jfl indi!ll.l.tfil probnhility for I'IU!lh 
a l'leparation !lf !lour~ea. 
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The tack coat is hardly discernable in this core. Also, as in-
dicated by the data in Fig. IV-18, the measured asphalt content was con-
siderably lower (7,0 percent) at two other locations where failure occurred, 
Finally, the curves in Fig. IV-18 show that gradation of aggregate in Core 
No, 5 was better than in the other two cores. Undoubtedly, these three 
things in combination account for the difference between failure elsewhere 
and satisfactory performance at this point. 
Gore No. 6 (Seventh Street, 310 feet north of Chestnut) The 
location of Gore No, 6 is shown in Fig, IV-3, and the core is shown in Fig, 
IV-9. A close-up view illustrating material details is contained in Fig. 
IV-16. ·The sample is a companion to Gore No, 5. No distress of any sort 
was noted at this location, The mat is made up of a stone or brick base, 
1 inch of binder (which appears to be very high in fines, and contains a 
coarse aggregate with a maximum size of 3/4 inch), t inch sheet asphalt, 
1 inch of binder similar to that below, t inch of sheet asphalt and 1-1/8 
inch of Type G surface - which is the fifth course of bituminous mix, 
The lower courses of this core appear to be dry and brittle. 
This is sustained by the presence of cracks in the two lower courses. The 
Type G course appears to be slightly rich, and there are slight indications 
of overtacking. Essentially the top course is well bound to underlying 
material. 
Gore No, 7 (Seventh Street, 200 feet north of Walnut) Surface 
conditions and varied views of the core from this location are shown in 
Fig, IV-4 and Fig, IV-10 respectively, A close-up of the core is contained 
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in Fig. IV-15. This core is located in an area having very pronounced 
though intermittent latteral displacement and some vertical displacement, 
The mat is made up of the usual base, li inch of Type A binder and 1 inch 
of Type C surface, 
The Type C looks rich, and there is abundant evidence that it 
' 
has been penetrated by the tack coat for more than half its thickness. 
The binder is a very loosely bound material having few fines and a low 
asphalt content. Obviously, it has low stability value. 
The cause of distress here appears to be principally over tacking; 
however, the failure is probably aggravated by the composition of the under-
lying binder course material. 
Core No. $ (Seventh Street, 210 feet north of Walnut) The loca-
tion of this core is shown in Fig. IV-4 and varied views of the core are 
presented in Fig. IV-10. This is a companion to Core No. 7, vrhere surface 
conditions are the same. However, in this case the accumulated bituminous 
pavement is thicker, The mat here is made up of the usual base, approxi-
mately li inch of binder, 1 inch of sheet asphalt, li inch of very poor 
Type A binder (containing soft and disintegrated limestone particles and 
having a very irregular depth) and 1 inch of Type C surface. 
The tack coat is very prominent, having penetrated almost the 
full thickness of binder and in places approximately half the surface course. 
Soft shale-like limestone in the binder course has tendencies to break down 
into a stiff clay when wet, and approximately 10 percent of the aggregate 
in that course appears to be of this material. The material is virtually 
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unbound, the bitumen having a brownish dead appearance and adhering poorly 
to the aggregate, Undoubtedly, the binder course is the primary cause of 
failure in this case, 
Core No, 9 (Seventh Street, approximacely midway between Cedar 
and Liberty), The location from which Core No. 9 was taken is shown in 
Fig. IV-5, and the core is shown in Fig. IV-10. This, by far, is the worst 
section and represents virtually total failure. Shoving is very extensive 
and amounts to several inches displacement both horizontally and vertically. 
The mat consists of the usual base, approximately 4 inches of bituminous 
material, and 1 inch of Type C surface. 
The material between base and surface courses was impossible to 
classify. The core twisted off immediately beneath the surface course, 
Coring was continued, but the underlying material disintegrated, Samples 
of this material were obtained, At least 75 percent (bases on visual es-
timate), of the underlying aggregate consists of a shale-like stone which 
breaks down in the presence of water. This bituminous mix or combination 
of mixes has virtually no stability and forms a lubricating course on 
which the surface may readily move under load. 
The only worthwhile corrective measure in this area is to remove 
and replace all material down to a stable course which seems to be the base 
courseo 
Core No. 10 (Seventh Street, approximately midway between Cedar 
and Liberty). The core location and varied views of the core are contained 
in Fig. IV-5 and Fig IV-11 respectively, This is a companion to Core No, 9, 
and it was taken from the top of a ridge formed by severe shoving or rutting 
of the pavement. Vertical displacement is approximately 6 inches, and cracks 
occur on either side of this "hump". The mat consists of the usual base, 
~ inches of very poor binder, and lt inch of Type C surface. 
The binder is approximately the same as that encountered in Core 
No. 9. In this case, however, the majority of the binder course remained in-
tact and was extracted with the core. Fig. IV-17 is a close-up view of the 
core, illustrating conditions as follows: 
The course is very weakly bound and the aggregate 
consists of approximately 50 percent shaley aggre-
gate. This material, in the presence of water, 
has broken down and formed a lubricating course 
between base and surface courses. Disintegration 
appears to be most prominent along the base-binder 
contact surface. In any case, the entire mat is 
moving along the base since the binder lacks ability 
to resist any loading. 
The tack coat here is excessively heavy and would, over a stable binder, 
provide a slippage plane and ultimate failure. However, in this case, it 
is at most a minor factor contributing to failure. 
The only corrective measure with any chance of success is removal 
and replacement of the faulty binder. 
Core No. 11 (Seventh Street, just south of Liberty). Location 
of the core is shown in Fig. IV-6, and varied views of the core are contain-
ed in Fig. IV-11. This core is located in a stable area in the east ·lanes. 
The two west lanes are unstable and in a condition very similar to that 
described for core location No. 9 and No. 10, The mat consists of- the usual 
base, at least It inch of binder, and li inch of Type C surface. 
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The binder aggregate contains a great deal of soft and shaly 
particles. In this case the water has apparently not penetrated to the 
soft particles since they seem to be essentially intact. This is probably 
not the case in the adjacent west lanes since failure there is well deve-
loped. The tack coat is discernable but not exceptionally heavy, and it 
does not form a slippage plane at this location. 
The probable reasons for failure in the west lane in this loca-
tion are either slippage caused by over-tacking, or entry of moisture into 
the binder and consequent disintegration of the binder aggregate, This, of 
course, is conjectural, since we have no specimen taken from the west lane 
and have no assurance that the pavement in the west lane is similar to that 
on the opposite side of the street where cores were taken. 
Core No, 12 (Seventh Street, just south of Liberty) · For views 
of this location and the core see Fig. IV-6 and Fig. IV-11 respectively. 
This is the companion to Core No. 11 and represents the same combination 
of courses but in different thickness as follows: Binder - 1 inch, ~oe C 
Surface - li inch, Remarks pertaining to surface condition under Core No, 
11 apply here also, 
Core No. 13 (Sixth Street, 150 feet south of Liberty) Location 
of this core is shown in Fig. IV-7, and the core is illustrated in Fig. 
IV-12, In the east lane where the core was.taken, the mat consists of a 
stone or brick base, lt inch o~ very poor binder, and lt inch of Type C sur-
face, This surface on Sixth Street appears to contain a higher percentage of 
course aggregate and has a coarser surface texture than the surface at all 
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locations studied on Seventh Street. Pitting of the surface resulting 
from disintegration of soft particles is the only type deterioration 
observed. 
The tack coat in this case is not detrimentally heavy; however, 
there is evidence of some penetration of tack into both binder and surface 
course thus indicating a definite surplus of tacking material. 
Core llo, 14 (Sixth Street, 170 feet south of Liberty) This 
location is shown in Fig. IV-7 and the core is illustrated in Fig. IV-12. 
The entire discussion of Core llo. 13 is applicable to this case also, 
Summary The cause of failure in these pavements may be fixed 
with reasonable accuracy by visual inspection. Th~ Type 0 surface within 
itself is not the cause of any failure observed, High asphalt contents 
have contributed materially to failure in some cases; yet, the principal 
causes of failure are excessive tacking or limited distribution of the 
tack, and unstable courses beneath the surface - usually faulty Type A 
binders. 
Tacking was done with an RC-2 by the stringing method. This 
coupled with low air and pavement temperature during the period of con-
struction, promoted the use of excess quantities of RC-2. Under those 
conditions volatiles were trapped within the mat. With the beginning of 
warm weather these volatile materials penetrated into both surface and 
binder courses, As a result, a very soft or even 11 fluid 11 condition has 
been created at some places in the pavements, .and the tack coat itself has 
acted as a lubricating layer on which the pavement is being displaced by 
traffic loads. 
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In certain areas some unsatisfactory aggregate has been 1forked 
into the binder course. This stone is soft and it breaks do1fn in the 
presence of water forming an unstable lubricating course. Stripping of 
asphalt from the soft aggregate is prevalent also, 
Laboratory Test Series 
To facilitate comparison of Class I, Type C and Louisville City 
mixtures, a series of tests on mixes representing both specifications 
have been run. Basic aggregates for these tests were the same as those 
used in the street paving project, namely: crushed limestone (1-§-11 tc No. $), 
river. sand (No.$ to No. 50), and bank sand (passing No. 50). As an added 
feature of the laboratory tests, an aggregate consisting entirely of crush-
ed limestone was applied to the Type C mixes. 
Three of the gradings (or 6 sets of samples) represented the fine 
limit, coarse limit, and center of the Type C specification range. The 
three Louisville mixtures tested represented the center gradation of the 
specification, a gradation on the fine side but not at the fine limit, and 
a coarse gradation but not the coarse limit. These gradations together 
with the Louisville specification limits (and the Class I, Type C speci-
fication limits for comparison) are shown in Fig. IV-20. Table IV-1 con-
tains all data pertaining to gradation of the laboratory mixes and to the 
three cores tested in the pavement condition study. In addition, four 
typical gradings taken from the inspectors report at the time pavement was 
placed on the Louisville Streets are included. 
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1-li th aggregates of the various gradings made up in the labora-
tory, a number of different specimens containing different percentages of 
asphalt Here prepared using the light compaction in the Marshall Stability 
Hethnd, Data from these design series run with these spec:ilnen 
in Tcc}lle IV-2, and the results by groups are plotted graphically if Figs. 
IV-21 to IV-23 inclusive. 
The trends in results show clearly that mixtures prepared within 
the t1<1o specifications react differently to changes in gradation of the 
aggregate. For the Class I, Type C stability increases and percentage 
asphalt, required to achieve desired void content, decreases as the mix 
is varied from the coarse ;ide to the fine side of the specification. In 
contrast, as the coarse side of the Louisville specification is approached, 
stability generally increases and percentage of asphalt for desirable void 
content tends to decrease. The data indicate that properties of mixes re-
presenting the two s}ecifications are approximately equal when the Class I 
is on the fine side and the Louisville mix is on the coarse side of the 
specifica~ion range, This must be regarded only as a broad generalization, 
in view of the gap that exists between the gradings for these two limits 
of the specifications. 
Stability and flow values - but not unit weights and void rela-
tionships - for the la, 2a, and Ja Type C mixes (those containing natural 
sand fines) may be misleading to some extent, Expediency at the time the 
samples were prepared made it necessary that these be started through the 
test procedure immediately after they had been compacted and cooled to a 
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noint lower than the 140°F. temperature of the water bath at the start of 
the tnst. On the other hand, all other specimens were allowed to cool in 
thn molc1s, they were shoved from the molds several hours after compaction 
was completed, and they did not <onter the test for a period of at least 24 
:<·l':cr. There is no definite evidence that this accelerated treatment would 
have an adverse effect; h01.rever, in all past tests on mixes approximating 
)~ th@ ~t~bility m@mb®rm were ~t l®a~t ao hi~h a@ 600, For that r®a~on, 
~tt~bili ty Md flow for .3a mhould be viow=d skeptioally 1 but all other 
properti@s including tho optimum asphalt content are r®SIU'ded as valid, 
Table IV-2 inolud~e e. column p@rtaining to e.coeptablo rang~ of 
asphalt oont~nts for tho various mixes, This rango is given somewhat e.o 
an indication of the sensitivity of the mixes to change in asphalt content, 
and not as nbsolutG tolerv.nces thnt should be intmntionally follow.'d, 
These limits are based wholly on values of flow (maximum 20) and perosn• 
taga of voids in the compacted mix ( 2 to 6 percent) which havo b~en 
ccnzl'n.l.ly regarded as sui table in the desillfl cri taria applicable to the 
Marshall MQthod and to the highest type of bituminous mixen, Of ooura~, 
other factors in the overall d0si~n oritcria1 suoh as stability msmbers, 
have bean ignored in determining this so-oall®d "suitable" rans0 of 
nsphalt co.nt,onts list<Jd in Table IV-2, 
The aeries of srunplos oontainina all crushed afmr~sato is in· 
eluded to demonstrate the ini'luonol'l of angular fino material in mixes 
Hherc high otabil: t:tcm are important, Beyond just the fact that high 
stability values can bel o.ohievad 1 it ie shown that these are nohievad 
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at asphalt contents lower than those that produce maximum stabilities in 
mixes •dth rounded fine aggregate but having the same gradation, Actually, 
the variation in void content with change in percentage asphalt is the 
factor of primary importance, and the desirable void value is reached with 
lower asphalt contents in the mixes with crushed aggregate, 
Some consideration should be given to the use of all crushed 
aggregate (either stone or gravel) in locations where high stabilities are 
required, even though it is recognized that workability is reduced and the 
finished surface texture is not of the type traditionally considered suit-
able for city streets. There is no reason to believe that the skid resis-
tance would be decreased by use of crushed fine aggregate (if rigid control 
of the mix is exercised), and it seems logical that angularity of aggregate 
particles might increase skid resistance. 
To briefly summarize the test findings, it may be said that quite 
satisfactory mixtures may be prepared with either specification. The 
Louisville specification is so broad that the possibilities for production 
of poor mixes are great unless design tests are run using the specific 
gradation planned for the job, Poor mixes oan be avoided, of course, 
through experience in the selection of aggregate gradation and asphalt 
contents most desirable in the specification range, Probably that is the 
basis of the success which Louisville has had thus far in the use of this 
mixo 
F..GW:ddc 
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Fig. IV-2. ewe loca-
tions Bo. ~ and Bo. 4, 
respectively 150 teet 
and 140 feet south ot 
Chestnut Street on 
Seventh Street. Lateral 
Displacement only. 
Fig. IV-1. Core loca-
tions No. 1 and No. 2, 
respectively 200 teet 
and 210 feet north of 
Bl:'oedwey em Seventh 
Street. Pavlll!l6nt shov-
ing along joint cored. 
Fig. IV-4. Core loo.., 
tiona No, 7 and No. S, 
respectively 200 teet 
and 210 feet north of 
Walnut Street 011 Seventh 
Street. Vecy prOII'llinent 
lateral d:I.~Jplace!llent lmd 
slight vertical dilllplaoe~ 
ment, 
Fig. IV-3. Core loo.., 
t:!.ol!l.li! Jo. 5 i!md No. 6, -
re~Jpeotivslf 300 feet 
tm.d ,310 teet n~ of 
Chl!l!!tlml< Street 011 
Seventh Street. No 
di&ltrelil!l of f!lJJlY lllQrt, 
Fig. IV-6. Core loca-
tions No. ll IIJI4 10. 12, 
just south of Liberty 
Street on Seventh Street. 
Failure in west lanes 
similar to that shown in 
Fig. 5, but pavement un-
damaged in east lanes 
where cores were taken. 
Fig. IV-5. Core loca-
tions No. 9 (lower l,"ight) 
and No.lO, approximately_ 
midway between Cedar Street 
and Liberty Street on Seventh 
Street. 'W'orst pavement con-
dition observed; total. fail-
ure f'rcm displacement. Core 
No. 10 from long high ridge 
with as IIIUCh as 6 inches 
difference in pavement ele-
vation. 
I 
Fig. IV-8. Va:rled views of core11 No. 1, 2, and 3 taken !rCI!IIl pavement on 
Seventh Street, All represent locations where there is surface displace-
ment. There wac no binder course placed at these locations in the 1951 
paving, and in each case the core extended through the old sheet asphalt 
surface into the underlying binder. 
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Fig. IV-9. Varied views of cores No. 4, 5, and 6 taken from pavement on 
Seventh Street, O;nly core No, 4 represents failing pavement, there being 
no evidence of displacement at locations No. 5 and No. 6. Each core ex-
tends below the new Type C surface into old sheet asphalt and underlying 
binder material. 
Fig, IV-10. Vi!U':!.I!d rie-&ill of <l<li!'ell !llu. "7, S, !liM 9 tllll1:en :f'rm pa'1m!ent on 
Seventh Street. ID reprei!M•nt pr01tl:!.n<J!ll'l'. fl.lilure~:~. Tlw Type () m:ll!'f'Me at 
these locations was underlain by a ~pe A binder eourlle. 
F:l.g. IV-ll. Vlll'ied neva ot eolt'®e No. 10, ll, md 12 'tU:en trm~ p&Vl!!!~Wlt 
on Se'lf!lnth Street. In 1111 Ci!ii<Sill thil type C I!U:I:'f:II.Ce w~ placed o:m~r a new 
Type A binder course. Fllilure b ~·!lll!e a't lceat:l.on No. 10. 
Fig. IV-12. Varied views of cores Jo. 1.3 lll:ld 14 taken t'r0111. pii.Vell!.ent 011 
Sixth Street near Liberty. Both Type C surface snd type A binder courses 
were placed at this location. There is no part:!.cu.l.ar evidence ot failve. 
2 
Fig. IV-1.3. Core No. 2 which represents a cue of inherent st.-
bill ty in the new Type C surface and also in the old sheet uphal t 
and underlying biDder, However, failtll"e due to load and VU'III 
weather is being produced b,r slippage on the heavily tacked sheet 
uphalt. Evident in the core but not in the picture are dark rich 
areas along the joint between Type C and sheet uphalt, and similar 
appearances higher within the Type C 81ll"face suggest intrusion or 
migration of asphalt and volatiles f'r0111 the tacked Stll"face. Shoving 
·is the principal fom of failtll"e at this location. 
4 
Fig, IV-14. Core No, 4 has the Sl!lllle essential features as core No, 2, 
but failure at this location is in the form of lateral displacem.ent, 
Fig. IV-7. Core locations No. 13 and No. 
14, respectively 150 and 170 feet south 
ot Liberty Street on Sixth street. Pave-
ment in good condition but surface pitted, 
10 
Fig. IV-17. The e:f'f'ect of' disintegrating Type A binder is unmis-
takable in Core No. 10. Failure at tbis location is the vorst 
observed, vith some vertical displacements being as great as 6 
i.aches. 
'fable IV-1., Gradlitioa Date. ... ... ... ... .. . ... .. . ... .. . 
Identif'ioation 1:1::! 1• us• !1.2• 'JL.S• ' 8 10 16 :!!! !!! 110 100 i!!!!1 s~ st. Surtaoe~t 100 93.7 66.? 46.2 J6,8 ll,2 8.2 4.) 
• ~ 
Sensrtb st. Surtaoel' 100 • 93.4 ?0.9 51.7 42.2 12.0 8.2 ),9 • k 
~ 
ro Eighth st. Surface" 100 95-S 67.8 50.4 40.6 12.1 s.o 4.) 
• ~
Clai!la I, 1)pe 1 Bbliar»* ~ :-.oo 00:~5 69.8 14.4 2.9 ~ • 
~ Core lo. 1 Sweath st. 100 94.1 ?O.S 51.1 41.2 1S.8 1.9 6.4 
0 
~ 
Core Bo. S Senlltb St. 100 92.1 64.7 47.1 38.3 15.7 10.7 7.9 
Core Ro. 9 Sevellt.h st. 100 90.1 58.7 46.8 )7.9 1),1 .. , '·· 
Claaa I, Type C Mix 100 100 70.0 5(1.0 40.0 20,0 li.O 7.0 
llo. 1, la. (Fillli Litdt) 
• • ~ Claaa I, TJpe C H1.% llo. 2, 100 92.5 60,0 42-5 )0,0 14.0 a.5 5~0 ~ 
~ 2a. (Center Gradation) 
" . Clas& I, 'f1pe C Mix Ho. 3, 100 a5.o so.o 35.0 20,0 a.o s.o ),0 • 8 )&. (Coarse L!Jdt) 
~ 
k 
0 Loui.sv::l.ll.e Ctt;r Speo., 
" k lllr Bo. 1 100 ... , 54.0 28.5 7.0 0 
':i Lou:lartlle C1t.r Speo., ~ 
Mlx Do. 2 "1llll 110,0 . 5(1,0 19.0 9.0 
Louirdll.e Ctt;y Spec., 
62a0 M:l; llos l 100 l~.o 62a0 2aQ 
-Averap of 'f1pD .6. Birder *P'roa inSpector& report at t.i• ot oon~~truot1on ot Louiavllle .treetrr. 
Table IV'-2 .. MareJ:all StabUJ.V T-t Date 
S Voida Agcept.able Balli'! 
llix Grodag Opt ..... Stab:lllt;y """' U!dt Vedgbt. .... 1 Filled In peraaat; % Arlpb.!t.lt lll!!Mr !IJ.ooo lbn, cu.rt.. Mil v/bltU!!!!n lapbalt 
T;ypeC 1 5.1 2250 16 149.5 ).9 77 4.7 to 5.6 (0,9) 
la• 5.B 1020 18 146.8 4.0 7B 5.) to 6,) (1,0) 
2 5.a 1610 19 147.0 J,B 7B s.J to 6.o (0.7) 
,.. 6.5 780 18 144.5 4.4 77 5.8 to 7.) (1.5) 
J 6.5 1450 20 142.4 5.7 73 6,) to 6.6 (0,)) 
.... 7.0 35Q 13 1)7.0 a,o 65 -----
Louinville 1 6,0 800 16 142.6 5.1 72 '·' to 6.? (1.2) 
2 7.0 640 9 141.0 4.7 77 6.7 to 7.5 (0,8) 
l fh2 :tU!.Q Ill Ml.~ At.l :z:z ~ •• ¥! ft~ ,2.§l 
*Speoimena entered Wat i:lmmd:latel.Jr afto-r C011p5ct1on am coaling to temperature Of 1.4()oFc 
"""'' Aggregat& in llliltUl'ea 1, 2, and 3 ill all oruabsd l.i.!Mistona. Mb:twes la, 28, at'lll 3Gl wn pl'epllred vlth crwbed !illa&stomt, river 58.ndp am bl\llk aatd. All Louiavilla aixtlll"8., were prepared vUh 
crushed l.imeatone, river mand, and bank aatd. Tba aapbtlt in all cases vaa P!.G-5 (85-100 pea)c 
All npeailllllm prepared with •light• compaction- 25 blows or 10 lb. baJnmer plU!II 7000 lb. et.atio load. 
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High~ray Materials Research Laboratory 
Lexington, Kentucky 
MECHANICAL ANALYSIS 
Louisville City Spec. and three 
. mixtures prepared within this 
spec .. Type C Grad. limits are 
included for comparison. 
Fig. IV-20. Gradation of Three Louisville City ~!ixes Included In The Laboratory Test Series 
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MARSHALL STABILITY TEST 
----Class I, Type C -Mix. la 
---Class I, Type C -Mix 2a 
- -Class I, Type :B - Mix 3a 
TEST DATA 
Optimum% :Bitumen- 5.8, 6.5, 7,0 
Unit Wt. - 146,8, 144.5, 137,0 
Stability No. - 1020, 780, 350 
Flow- 18, 17, 14 
% Voids, Compacted Mix- 4,0, Lf.4, 8.0 
%Voids, Filled W/:Bitumen- 78, 77, 65 
Fig. IV-21. Results of Marsh.?Lll Design Tests on Type C Hixes 
Containing Limestone, River Sand, and Bank Sand 
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HARSHALL S~'JJJILI TY T}:ST 
Class I " Type 0 - !Hx Lou. 
----Class I • Type 0 .. Mix Lou • 
-Clnss I • Type ll - 111IiX Lou. 
TEST DATA 
Optimum% Bitumen·- 6.0, 7.0, 6,2 
Unit ilt. - 1h2.6, 11'1.0, 1hJ.5 
Ste])ility· '''o. - 800, 6/fO, 1160 
Flo\o - 16, 9, 16 
1 
2 
J 
rp Voids, Com 1·acted Mix- 5.1, h.?. 11·.7 
% Voids, E'illed 1'1/DitwnPn - 72, 77, 77 
]\1 if,~ IV-22 .. RGrrult~ c;f' Er:.rnhE:.ll Dcr.;it:n Teats on Hix.es He:presentint_; rrho Louisville City 
:Jpccificntion ·n.1, ContP.in1..ng LinE:Stoner River ~~<-1nd~ 211c~ ][lJ.lic Sc-;nd 
PART V 
COMPARATIVE PROPERTIES 
OF 
MIXTURES CONTAINING CRUSHED AND UNCRUSHED RIVER GRAVEL 
Commonwealth of Kentucky 
Department of Highways 
Highway Materials Research Laboratory 
132 Graham Avenue 9 Lexington 29, Kentucky 
March 22, 1952 
MEfo!O TO: 1. E. Gregg 
Assistant Director of Research 
B.2.2.8. 
SUBJECT: Class I, Type C Surface Mixtures Using Crushed and Uncrushed 
River Gravel as Coarse Aggregate. 
The use of crushed and uncrushed river gravel together with 
river sand and bank sand, in Class I, Type C surface mixes has been 
examined in anticipation of paving requirements. Uncrushed gravel is 
to be used during the present season in Western Kentucky and while no 
definite plans concerning crushed gravel are known at present, the 
comparative properties of the two materials should be considered. To 
facilitate these comparisons the familiar Type B surface is included. 
Laboratory Investigation 
Six g-radings were prepared with both crushed and uncrushed 
aggregate. These gradings are contained in Table V-1. Gradings No. l 
through No. 3 are for Class I, Type C surface mixes, while gradings 
No. 4 through No. 6 represent Class I, Type B surfaces. Mixtures were 
prepared from all gradings using both crushed and uncrushed coarse 
aggregate. In all cases river sand formed that fraction of aggregate 
bet;Jeen the No. 8 and No. 50 screens., 1ihile the fraction finer than the 
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No. 50 screen consisted of baruc sand. 
The llarshall Stability Test Has the basis for design of these 
mixtures. So-called light compaction - 25 blaHs of a 10-pound hm:nmer 
plus a 7000-pound static load - Has used in all tests. Design tests 
Here run for each grading Hi th both crushed and uncrushed coarse aggre-
gate. This data is contained :in Table V-2, and is recorded in a manner 
to facilitate comparison of mixtures having :identical gradings but 
different particle shapes. 
Comparison of Type B and Type C Surface H:ixes Using Uncrushed GraveL 
Inspection of Table V-2 shaHs that although less asphalt was 
required in Type C mixtures, the stabilities were appreciably higher than 
for Type B mixtures. In the three Type C mixtures tested, stabilities 
increased from 600 to 870 as the grading was varied from coarse to fine. 
While all stabilities are satisfactory for medium traffic roads some 
advantage is gained in tho denser mixes (finer gradings). 
The Type B mixtures varied in stability from 200 to 690 as the 
grading ;ms varied from coarse to fine. Stability of the samples having 
a coarse grading (200) reflects the serious lack of fines and indicates 
an undesirable mixture for surface courses. Neither type surface is 
desirable for use in heavy traffic areas, especially on principal urban 
streets. 
Flo;J values for both Type B and Type C mixes were well below 
the maximum desirable value of 20. Type C mixtures had slightly higher 
and more desirable flow values tllan the Type B mixtures 1ihich had 
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tendencies toward brittleness. Where mat thickness is sufficient to pro-
vide essentially rigid support for the pavement, low flow values are not 
detrimental. However, on medium traffic roads such mats are not usually 
provided and flexibility of the pavement is an essential r?quirement. 
Other test properties of both type surfaces and all gradings 
were within a satisfactory range at optimum asphalt content. It should, 
however, be noted that the percentage voids in the aggregate was generally 
lower for the Type G than for the Type B mixtures, indicating the greater 
aggregate density expected in this type mixture. 
In general, it may be said that the advantages of Type G surface 
mixes, using uncrushed gravel as coarse aggregate, as compared to Type B 
surface mixes are: {1) lower asphalt requirements, (2) higher stabilities, 
and (3) more desirable flow values. 
Comparison of Type B and Type C Surface Mixes Using Crushed Gravel 
Results in Table V-2 show that the differences in Type B and Type 
C surfaces are not so pronounced when crushed gravel forms the coarse 
fraction of the aggregate. Asphalt requirements for the gradings tested 
were essentially equal as the mixtures were varied from coarse to fine 
within their respective grading specifications. 
For the entire range of the grading specifications, Type G has 
a decided advantage since all stabilities were well within a safe range 
for anything except the heaviest traffic, while Type B shm·md a serious 
deficiency at the coarse grading limit, Stability numbers for the Type G 
surface mixtures tested increased from 930 at the coarse limit to 1200 
at center grading, and then decreased to 1020 at the fine grading, 
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This latter decrease was not expected, but the value was still well with-
in the satisfactory range. Stabilities for the Type B surface mixtures 
tested increased from 380 at the coarse limit to 930 at the center grad-
ing, and continued upward to 1125 at the fine limit. This continued in-
crease reflects increasing aggregate density as.Type B mixes are varied 
from coarse to fihe. Stability at the coarse limit is again very low, 
indicating a very questionable mixture for any use and definitely an un-
suitable mix for areas of heavy traffic. 
Flow values were satisfactory for all six gradings. Type c, 
however, had slightly higher values than comparable Type B mixes indica-, 
ting greater flexibility for the Type C. 
With the exception of those values for mixes made with grading 
No, 4 (Type B-coarse limit), all other test results were within satis-
factory limits at optimum asphalt ·content. Aggregate with Grading No. 4 
is too open-graded for use in surface courses, as indicated by the void 
content and reflected in the low stability of this set of samples. 
Generally, percentage of voids in the aggregate is slightly lower in 
Type C than in Type B mixes, indicating increased aggregate density in 
the Type C. 
The principal advantages of Type C mixtures cont~ning 9rushed 
gravel as coarse aggregate lie in increased uniformity throughout the 
grading range. The generally denser aggregate structure of the Type C 
mixes is beneficial, and in some locations slight advantage may be de-
rived from the greater flexibility of pavements constructed with this 
mi:X:o 
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Comparison of Crushed and Uncrushed Gravel as Coarse Aggregate in Type B 
and Type C Mixtures o 
The test values which, at optimum asphalt content, reflect 
favorably the properties of mixes with uncrushed gravel as compared to-
those with crushed gravel are: (1) lower asphalt requirements, and (2) 
denser aggregate structurers" Those values which favor crushed aggregate 
are: (1) Major increases in stability, and (2) improved flow values" 
This may be summed up by saying that uncrushed gravel is suitable 
for medium traffic roads provided the aggregate grading is sufficiently 
dense and so designed to accomplish desired flexibility; however, crushed 
gravel is better suited to heavy traffic conditions because of tpe ad-
vantages gained from particle shapeo It should be emphasized t~t open-
graded mixes with uncrushed gravel tend to be brittle and therefore pave-
ments with these mixes require essentially rigid bases for good performance" 
Summary 
Type C mixtures require less asphalt than do Type B mixtures, 
when uncrushed gravel forms the coarse fraction of the aggregate. However, 
with crushed gravel there appears to be little difference between the 
Type B and Type C in asphalt requirements. Also, a given grading re-
quires less asphalt when uncrushed aggregate is used in preference to 
crushed aggregate. 
Stabilities produced by Type C gradings are generally higher 
than those produced by comparable Type B gradings. This is especially 
true when uncrushed gravel forms the coarse fraction of the aggregate. 
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All Type C mixes containing uncrushed aggregate were suitable for roads 
carrying medium traffic loads regarless of the grading that was used" 
On the other hand, no grading coarser than grading No. 5 should be used 
in the Type B mixes containing uncrushed gravel. 
Flow values were generally satisfactory for all mixtures tested; 
however, Type B mixtures containing uncrushed gravel had low flow values 
indicating brittleness. 
From the standpoint of density in the aggregate structure, Type C 
grading provided a greater density than Type B in all cases tested, and 
uncrushed gravel produced denser structures than crushed aggregate for a 
given grading" 
EGW:ddc 
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Ident:ltr 
Type c 
T;ype B 
IdentitY 
Type c 
T;ype B 
Table V-1., Gradation Data 
Gndiw Ll2• .118• 
lo. l 100.0 85,0 
Ro. 2 100.0 92.5 
!lo· 3 lQ().O 100,0 
No. 4 100.0 ss.o 
No. 5 100,0 92.5 
No. 6 100.0 100.0 
Coarse Lillita - Ho. l aM No. 4 
Center Grading - Ho. 2 a.Dd llo. S 
Fine L1mits - Ho, 3 aM llo. 6 
~ l'oaoillll 
Ro. 4 llo, 8 !lor16 
so.o 3S.O 20,0 
60,0 42.5 Jo.o 
7Q.O 5().0 49·0 
so,o ls.o 20.0 
60.,0 42oS )0,0 
70,0 so.o 40,0 
Table V-2. Hsrahflll St~bl.l,ity Test Data 
-
Hi!l.rahall Flov Unit wt. 
Oraditlg bpbslt Stability J/loo• lbe..les..tt. 
.... 1 6.') 930 18 142.7 
6.2 600 16 144.3 
Ho. 2 6,1 1200 17 146.6 
5.5 800 14 145.8 
No. J 6.0 io20 16 145.2 
5.5 870 15 144.8 
No. 4 7.0 )80 16 136.7 
6.5 2()0 13 1!,0.1 
Ho, 5 6.1 930 16 145.2 
5.8 535 15 143.0 
No. 6 6,0 1125 14 146.2 
6.1 690 ll 141-4 
*Denotes cruehed gravel as Coarse AggregatE~, 
Mo. 50 Hoe 100 lo, 200 
8.0 s.o 3.0 
14.0 s.s 5.0 
20.0 12.0 7,0 
2.0 0,0 o.o 
11.0 s.o 2.5 
20.0 10.0 5.0 
0""!" otad Filled Aggregate 
J!1x li/Aspbo1t OnlY 
4oJ 78.0 20.2. 
2.'1 80.0 17.2 
3.5 78,0 17,4 II 
3.7 78.0 16,6 
4.5 75.0 18.5 .. 
3.7 78.0 17,0 
8.4 65,0 23.7. 
5.0 ,.o 18.9 
4.3 77.0 18.2. 
3.8 77o0 17.7 
).7 78.0 17 .. 8 .. 
4.6 75.0 18.4 
